Introduction
Nanoparticles (NPs) with diameters of less than 100 nm have unique physical and chemical characteristics.
Research involving the synthesis and applications of NPs and nanoscale materials have generated a lot of interest on behalf of scientists since the physical properties of these particles are size-dependent. Examples of such properties include optical and magnetic properties, specific heats, melting points and surface reactivity. Tunable size-dependent properties (controllable by using various factors) are believed to be a result of the high ratio of surface to bulk atoms which can be represented by well defined molecular orbitals. Moreover, while standard bulk materials are represented by electronic band structures, nanoparticles exhibit size-dependent broadened energy states [1] .
The potential applications of NPs in nanobiotechnology have been demonstrated by a broad variety of emerging uses in the study of cellular and subcellular processes of fundamental importance in biology. Examples include the use of colloidal nanocrystals due to their catalysis features (high surface area, controlled crystal surfaces), and optical properties (useful in fluorescent biological labels, biodetection of pathogens, probing of DNA structure, tumor destruction via heating (hyperthermia), MRI contrast enhancement and sun screen). Nanoparticles also have emerging applications in tissue engineering, separation and purification of biological molecules and cells, drug and gene delivery (for example, inhalation in asthma, and timed drug release) and pesticide delivery (fogging and fumigation) [2] [3] [4] .
Many of these applications result from the unique properties of noble-metal nanocrystals. Their magnetic, electromagnetic (optical) and catalytic properties are shape and size tunable, which spurred development of new synthesis techniques for a better control of molecule shape and size [5] .
Despite the broad use of silver nanoparticles (Ag-NP) in medicine there is a lack of information concerning their impact on human health and the environment. Silver is toxic to a wide range of microorganisms in its various chemical forms [6] . However, very little is known about the toxicity of nano-sized silver particles. Yet, we do know that size and surface area are thought to be important determinants of toxicity [7] .
Unlike larger particles, NPs are likely to travel through organs, and can produce adverse effects, including on the central nervous system (CNS). NPs translocate to the systemic circulation and the CNS in a unique manner due to their small size and large surface area. NPs can cross the blood-brain barrier (BBB) [8] , and enter the CNS of exposed animals, albeit in low numbers [9] [10] [11] [12] . Recent studies [13, 14] have revealed that intravenous (30 mg/kg), intraperitoneal (50 mg/kg) or intracerebral (20 µg in 10 µl) administration of silver (Ag), copper (Cu) or aluminum (Al) nanoparticles (~50-60 nm) disrupt the BBB to Evans blue albumin in rats and mice in a highly selective and specific manner. Furthermore, a recent study [15] reported that the exposure of rats to Ag-NP (60 nm) for 28 days significantly changed the activity of various organs, including the brain. The biological half-life of silver in the CNS is longer than its half-life in other organs, which suggests that exposure to silver nanoparticles may result in severe pathological consequences to the mammalian brain [16] . Reports have also shown that Ag-NP can impair cell functions and induce cell death in certain cells, such as hippocampal neurons [16] [17] [18] [19] . Hussain (2006) found that Ag-NP (5×10 −5 g/ml) reduced dopamine concentration and that they are likely to be more toxic than manganese (Mn) nanoparticles in a neuroendocrine cells line PC-12 [20] . Together, these results suggest that Ag-NP might have detrimental effects on the mammalian brain. The brain is highly vulnerable to oxidative stress due to its high metabolic rate, its low capacity for regenerating cells (low levels of endogenous scavengers, vitamin C, catalase, superoxide dismutase), and the presence of numerous cellular oxidative stress targets (lipids, nucleic acids, and proteins) [11, 12, 21] . Reactive oxygen species (ROS) and oxidative stress have been implicated in the pathogenesis of neurodegenerative disorders including Huntington's disease, Alzheimer's disease, Parkinson's disease and AIDS [22] . Oxidative stress results from an increased generation of ROS or from a weakened antioxidant defense system. A recent study found that the generation of ROS increased following Ag-NP (15 and 100 nm) exposure in BRL 3A rat liver cells and PC-12 cells [20] . Ag-NP (7-20 nm) can cause oxidative stress resulting in a decrease of glutathione (GSH) content, superoxide dismutase (SOD) activity and an increase in malondialdehyde (MDA) levels [23] . Furthermore, silver-25 nm NPs may produce neurotoxicity by generating free radical-induced oxidative stress and by altering the expression of genes related to oxidative stress [24] . Ag-NP (10 nm) induced the production of heat shock protein 70, oxidative stress as well as apoptosis in Drosophila melanogaster [25] and in the liver of the adult Danio rerio [26] .
Toxicity evaluations of Ag-NP of different sizes by means of mitochondrial and cell membrane viability along with ROS assay suggest that the cytotoxicity of Ag-NP is probably mediated through oxidative stress [27, 28] .
Results from these various studies suggest that the impact of nanomaterials on brain functions is not negligible, especially for workers in nanomaterial manufacturing. Thus, it has become increasingly important to obtain more information on the environmental and biological effects of nanomaterials to examine possible deleterious effects from their use.
To gain new insights on the effects of Ag-NP on brain functions, we inoculated electrosynthesized silver-29 nm (Ag I) and silver-23 nm (Ag II) NPs cupped with poly(amidehydroxyurethane) (PAmHU) in rats to investigate the effects of these particles on memory processes and oxidative stress generation in the temporal cortex, which is the cortical area most vulnerable to oxidative stress effects [29] . Our data suggest that Ag-NP (Ag I and Ag II) increase brain oxidative stress, inducing deficits.
Experimental Procedures

Ag-NP electrochemical synthesis
The synthesis of Ag-PAmHU coated NPs was performed in a simple two-electrode cell using an Amel 549 potentiostat/galvanostat. A coiled silver wire (170 mm long and 1.2 mm diameter) was used as the cathode and a coiled platinum wire (140 mm long and 1 mm diameter) as the anode. The anode and the cathode were kept 2.5 mm apart. All chemicals were of analytical grade and were used without further purification. 
Ag-NP characterization
The silver concentration was determined by atomic absorption spectrophotometry (AAS) with a Perkin Elmer 3300 spectrometer. The Ag metal identification and nanophase crystallite structure analysis of the lyophilized product of electrochemical synthesis were performed by X-ray diffraction (XRD) using a DRON-2 diffractometer. Nickel-filtered Cu Kα radiation (1.54182 Å) was employed at an operational voltage of 25 kV.
The mean dimension of crystallite (MCL hkl ) on different Miller planes (hkl), were determined from XRD line broadening according to the Scherrer relationship (Eq. 1). This relationship describes the correct width of an XRD pattern at an angle θ as a function of the mean size of the coherent scattering domain perpendicular to the hkl plane, MCL hkl :
where K is the shape factor (0.89 for crystallites with dimensions of tens of nanometers), β is the true half maximum line width and λ is the X-ray wavelength (1.54182 Å).
For compound identification, the interplanar spacing (d hkl ) was computed from X-ray patterns using the Bragg relation:
where n is an integer determined by the order of the diffraction maxima.
The NPs size and morphology were examined by a Philips CM100 transmission electron microscope (TEM). Samples were prepared by placing a drop of Ag-NP on a formvar-coated copper grid and drying them by air, before transferring them to the microscope. The distribution of Ag-NP sizes was computed using the NIS Elements Basic Research imaging software (NIS E-Br). The Ag-NP size distribution obtained with the NIS E-Br software was then compared to the experimental distribution of Ag-NP sizes obtained by laser granulometry (LG) with Malvern Zetasizer Nano ZS ZEN-3500. The experimental evaluation of Zeta potential dependence with dimensions of PamHU-coated Ag-NP was performed at room temperature with the same Malvern Zetasizer Nano ZS ZEN-3500.
The stability of silver-coated PAmHU colloidal solutions was defined in accordance with the average Zeta potential (AZP) [34] .
Animals and treatment
We used 50 male Wistar rats (6-8 months old) weighing 230 ± 10 g at the start of the experiment. The animals were housed in a temperature-and light-controlled room (22°C, 12-h light cycle starting at 08:00 am) and were fed and allowed to drink water ad libitum. Rats were treated in accordance with the guidelines of animal bioethics from the Romanian Act on Animal Experimentation and Animal Health and Welfare Act; all procedures complied with the European Council Directive of 24 November 1986 (86/609/EEC). Our study was approved by the local Ethics Committee and efforts were made to minimize animal suffering and to reduce the number of animals used. We divided the rats into five groups of 10 rats: one control group (treated with 0.1% w/w PAmHU) and four experimental groups. Experimental groups were injected intraperitoneally (i.p.) with Ag-NP (Ag I and Ag II, 5 µg/kg and 10 µg/kg b.w., i.p.) everyday for 7 days, before behavioral testing. Animals were weighed every day before the administration of Ag-NP as well as before each behavioral experiment.
Y-maze task
Short-term memory was assessed by spontaneous alternation behavior in a task that had to be performed in a Y-maze. Spontaneous alternation behavior was defined as entry into all three arms on consecutive choices. The Y-maze used in the present study consisted of three arms (35 cm long, 25 cm high and 10 cm wide) and an equilateral triangular central area. The rat was placed at the end of one arm and allowed to move freely through the maze for 8 min. An entrance into an arm of the maze was counted when the hind paws of the rat were completely within the arm. The number of maximum spontaneous alternation behaviors was calculated as the total number of arms entered minus 2; the percent spontaneous alternation was calculated as follows: (actual alternations/maximum alternations) X 100. Spontaneous alternation behavior is believed to reflect spatial working memory, which is a form of shortterm memory [35] .
Radial arm-maze task
The radial arm-maze used in the present study consisted of 8 arms, numbered from 1 to 8 (48 x 12 cm), extending radially from a central area (32 cm in diameter). The apparatus was placed 40 cm above the floor and surrounded by various extramaze visual cues which remained in the same position throughout the duration of the study. At the end of each arm we placed a food cup that contained a single 50 mg food pellet. Prior to performing the maze task, the animals were kept on a restricted diet and their body weight was maintained at 85% of their free-feeding weight over the period of a week. Water was available ad libitum.
During pre-training, rats were individually placed in the radial maze and allowed to explore and take food freely for 5 minutes. The food was initially available throughout the maze, but was gradually restricted to the food cup. For four days, the animals were trained to run to the end of the arms and consume the food. To evaluate the basal activity of the rats in the radial arm-maze, each rat was given five consecutive training trials per day. The training trial continued until all the five food items had been consumed or until five minutes had elapsed. After four days of pre-training, rats were trained to perform full task. Training occurred once a day. Each animal was placed in the center of the maze and subjected to working and reference memory tasks in which one food item was placed in the same five arms (no. 1, 2, 4, 5, and 7), on each trial. The other three arms (no. 3, 6, 8) were always devoid of food. An arm entry was counted when all four limbs of the rat were within an arm. We measured the number of working memory errors (entering an arm containing food but previously entered) and reference memory errors (entering an arm that had no food). We also recorded the time required to consume all five food items. Reference memory is considered to be long-term memory for retaining information that remains unchanged over repeated trials (e.g. memory to remember the positions of arms containing food). In contrast, working memory is considered to be short-term memory for remembering information that changes in every trial (e.g. memory to remember the positions of arms that have already been visited in the current trial). Choice accuracy was measured as the number of arms entered until a repeated entry was made [36] .
Oxidative stress
At the end of the experiment, all rats were euthanized with an overdose of sodium pentobarbital (100 mg/kg b.w., i.p., Sigma). Temporal cortex samples were weighed and homogenized (1:10) with a Potter Homogenizer coupled using a Cole-Parmer Servodyne Mixer in ice-cold 0.1 M potassium phosphate buffer (pH 7.4), 1.15% KCl. The homogenate was centrifuged (15 min at 3000 rpm) and the supernatant was used for assays of SOD, GPX activities and MDA levels.
Determination of SOD
The activity of superoxide dismutase (SOD) was assayed by monitoring the inhibition of the photochemical reduction of nitroblue tetrazolium (NBT). Each 1.5 ml of reaction mixture contained 100 mM TRIS/HCl (pH 7.8), 75 mM NBT, 2 µM riboflavin, 6 mM EDTA, and 200 µl of supernatant. Increases in absorbance at 560 nm were induced by the production of blue formazan. One unit of SOD is defined as the quantity required to inhibit the rate of NBT reduction by 50% [37] .
Determination of GPX
Glutathione peroxidase (GPX) activity was analyzed by a spectrophotometric assay. A reaction mixture consisting of 1 ml of 0.4 M phosphate buffer (pH 7.0) containing 0.4 mM EDTA, 1 ml of 5 mM NaN 3 , 1 ml of 4 mM GSH, and 0.2 ml of supernatant was pre-incubated at 37°C for 5 min. Subsequently, 1 ml of 4 mM H 2 O 2 was added and the mixture was incubated at 37°C for another five 5 minutes. The excess amount of GSH was quantified by the DTNB method [38] . One unit of GPX is defined as the amount of enzyme required to oxidize 1 nmol GSH/min.
Determination of MDA
Malondialdehyde (MDA), which is a measure of lipid peroxidation, was spectrophotometrically measured by using the thiobarbituric acid assay [39] . 200 µl of supernatant was briefly mixed with 1 ml of 50% trichloroacetic acid in 0.1 M HCl and 1 ml of 26 mM thiobarbituric acid. After mixing with a vortex, samples were maintained at 95°C for 20 min. Subsequently, the samples were centrifuged at 1000 x g for 10 min and supernatants were read at 532 nm. A calibration curve was constructed using MDA as a standard and the results were expressed as nmol/mg protein.
Estimation of protein concentration
Protein concentration was measured using the dye binding method of Bradford. We used bovine serum albumin (BSA) as a standard.
Coefficients of the brain
After experimental trials, all animals were weighed and sacrificed after being anesthetized with sodium pentobarbital. The brain of each animal was excised and weighed accurately (0.001 g). The ratio of brain to body weight was calculated as follows: wet brain weight (mg) / wet body weight (g) [11, 12] .
Histopathological examination of brain
After the temporal cortex was removed from each brain for oxidative stress assays, the brains were placed in a 30% sucrose/formalin solution, frozen, and cut into coronal sections (7 μm) using a freezing microtome (Leica Cryostat CM 1850). Each section was placed onto a glass slide. Following hematoxylin-eosin (HE) staining, the slides were observed and photos taken under a microscope (LASER Confocal Scanning Microscope Leica DM 5500Q TCS SPE with DFC 290 camera). During the analysis, the identity of each slide was unknown to the pathologist, following standard laboratory procedures [40] .
Statistical analyses
The behavioral activity of rats in the Y-maze task was statistically analyzed with an analysis of variance (ANOVA), together with the results of the antioxidant enzymes activity and MDA level tests. In order to evaluate differences between treatment groups in the radial armmaze trial, separate repeated-measures ANOVAs were performed on the number of working memory errors, the number of reference memory errors, the time taken to consume all five food items and the number of entries to repeat (the number of arms entered until a repeated entry was made). We used group (Control, Ag I and Ag II) as the between-subjects factor and days (1 to 7) as the withinsubjects factor. All results are expressed as a mean ± S.E.M. Post hoc analyses were performed using Tukey's honestly significant difference (HSD) test. F values for which P<0.05 were regarded as statistically significant. Pearson's correlation coefficient and regression analysis were used to evaluate the relationship between the percentage of spontaneous alternations (which measure short-term memory) and oxidative stress markers.
Results
Characterization of pristine Ag-NP
Dialyzed stock solutions of Ag-NP at a concentration of 98.85 μg/ml (Ag I) and 96.70 μg/ml (Ag II) were obtained by electrosynthesis as described in Experimental Procedures. From the dialyzed solutions, stock solutions of 5 μg/ml and 10 μg/ml were prepared prior to the experiment on rats. The identification of Ag-NP formation was achieved by XRD analysis on lyophilized samples obtained from dialyzed stock solutions. The XRD spectra of Ag-NP for Ag I and Ag II (Figure 1) showed characteristic peaks of silver at diffraction angles (2θ) (1) and (2), respectively. The results were corroborated with data sets of (111) and (200) Miller planes of the simulated XRD patterns of form FCC-Ag from a data base [41] shown in Table 1 (1) and (2) In accordance with XRD analyses, TEM micrographs from Ag-NP (Figure 2 ) revealed that the NPs are irregularly shaped. The mean diameter of 29 nm for Ag I and 23 nm for Ag II show that the NPs are aggregates of crystallites. From the LG size distribution diagram (Figure 3) , we observe that the NP dimensions are larger than those obtained from the TEM analysis, which confirms the fact that the NPs are coated with PAmHU (74.2 nm for Ag I and 77.5 nm for Ag II). Figure 4 shows the relationship between Zeta potential vs. intensity (a.u.) for Ag I and Ag II NP solutions. The intensity profiles in Figures 3 and 4 are given by the fraction of nanoparticles with a size within a small range of size or Zeta potential.
According to the relationship between AZP and colloidal stability [34] , the colloidal solution Ag I shows reasonable stability (AZP = -40.8 mV), while the Ag II colloidal solution presents a moderate stability (AZP = -36.2).
Brain histopathological observation
Histopathological evaluation of toxicity in brain tissue revealed significant histopathological changes (brain tissue damage) in all Ag-NP-exposed groups (Ag I and Ag II, 5 µg/ml and 10 µg/ml) ( Figure 5B -E) compared to the control ( Figure 5A ).
Effects of Ag-NP on spatial memory
In the Y-maze trial, we observed a significant impairment of spatial memory faculties in groups exposed to low (5 µg/ml) and high doses (10 µg/ml) of Ag I NPs and Ag II NPs (F(4,45) =27.54, P<0.0001) ( Figure 6B ). This trend was reflected by a decrease in the spontaneous alternation percentage compared to the control group, suggesting effects on shortterm memory. This effect could not be attributed to a decrease in motor activity because the number of arm entries varied significantly in groups exposed to Ag I NPs and Ag II NPs (F(4,45) =14.55, P<0.0001) ( Figure 6A ). Post hoc analyses revealed that the Ag I NPs-and Ag II NPs-treated groups made more spontaneous alternation errors than the control group (P<0.0001) ( Figure 6B ), but no statistically significant difference was found between the Ag I NPs-and Ag II NPs-treated groups.
In the radial arm-maze trial, a repeated measure analysis of variance (ANOVA) was conducted on the number of working memory errors (WME), the number of reference memory errors (RME), the time required to consume all five food items and the number of entries to repeat, with treatment group as the betweensubjects factor and day (1 to 7) as the within-subjects factor. For WME, there was a significant interaction between day and group (F(4, 140)=3.49, P<0.001) ( Figure 7A ), suggesting effects on short-term memory. The post hoc analysis revealed that both groups treated with Ag I NPs-and Ag II NPs made more WME than the control group (P<0.01) ( Figure 7A ), but the difference between the Ag I NPs-and Ag II NPs-treated groups was not significant. For entries to repeat, there were no significant main effects or significant interactions (0.2<P<0.7) ( Figure 7C ). For the time taken to consume all five food items, there was a significant main effect of group (F(4,140)=2.55, P<0.04) ( Figure 7D ). The post hoc analysis revealed that both the Ag I NPs-and Ag II NPs-treated groups made more errors in terms of the time taken to consume all five food items than the control group (P<0.0001) ( Figure 7D ), but the difference between the two treatment groups was not significant.
There were no significant main effects or interactions for the time taken to consume all five food items (0.12<P<0.13) ( Figure 7D ).
There were no other significant main effects or significant interactions for RME (0.06<P<0.79), which suggests that there are no effects on long-term memory. Post hoc analyses analyses revealed no differences between the Ag I NP-and Ag II NP-treated group ( Figure 7B ). 
Coefficient of brain to body weight
During the treatment, all animals were at a growth state. No significant differences regarding daily behaviors such as feeding, drinking and physical activity between Ag-NP-treated groups and the control group were observed. Table 2 shows ratio of brain to body weight, in milligrams (wet weight of tissues)/grams (body weight). No significant difference was found between the mean body weight of the five groups. In all Ag-NP exposed-groups, the brain to body weight ratio significantly decreased compared to that of the control (*P<0.05 or **P<0.001). This result indicates that low (5 µg/ml) and high doses (10 µg/ml) of Ag-NP (Ag I and Ag II) might causebrain damage.
Effects of Ag-NP on SOD and GPX activities and MDA levels in the temporal cortex of rats
Biochemical analyses showed a significant decrease of SOD (F(4,45)=32.81, P<0.0001) ( Figure 8A ) and GPX (F(4,45)=24.11, P<0.0001) ( Figure 8B ) specific activities and an increase in MDA levels (F(4,45)=22.1, P<0.0001) ( Figure 8C ) in groups exposed to low (5 µg/ml) and high doses (10 µg/ml) of Ag I and Ag II Ag-NP compared to the control group. Post hoc analyses revealed no differences between the Ag I NP-and Ag II NP-treated group regarding SOD ( Figure 8A ) and GPX ( Figure 8B ) specific activities as well as MDA levels ( Figure 8C ).
We found significant positive correlations between spontaneous alternation percentage and SOD (n=50, r=0.693, P<0.002) ( Figure 9A ), spontaneous alternation percentage and GPX (n=50, r=0.598, P<0.0001) ( Figure 9B ), and spontaneous alternation percentage adn MDA (n=50, r=0.596, P<0.0001) ( Figure 9C ) in groups exposed to low (5 µg/ml) and high doses (10 µg/ml) of Ag I and Ag II silver NPs.
Discussion
The purpose of PAmHU coated Ag-NP synthesizing method used in this study was to ensure a better biocompatibility. Ag-NP were found to have a hydrodynamic radius larger than the radius obtained by TEM analysis. Based on the XRD, TEM and LG measurements, our data suggest some degree of PAmHU coated crystallites agglomeration in suspension. This limited agglomeration supports the dependence of Zeta potential for Ag I and Ag II stock solutions, as the colloidal solution Ag I showed reasonable stability (AZP = -40.8 mV) while the Ag II colloidal solution exhibited moderate stability (AZP = -36.2).
After dialysis processes no significant aggregation of Ag-NP in suspension could be observed under relevant physiological condition. These findings suggest that the Ag-NP systems examined in this study are likely to exhibit toxicity if tested in vivo.
In the medical field, silver is used for the treatment of burn and chronic wounds [42] . New products containing silver nanoparticles are currently being developed and introduced commercially. Ag-NP have received considerable attention because of their attractive physicochemical properties when compared to other metal nanomaterials. The strong toxicity of silver to a wide range of microorganisms is well-known [35, 36] and Ag-NP have recently been shown to be a promising antimicrobial material [43] . However, some of the useful properties of nanomaterials are also properties that can pose a hazard to humans and the environment [44, 45] . Due to their small size, NPs can enter plant or animal tissues and can pass through cell membranes such as the blood-brain barrier into critical areas within the brain or into other organs or tissues [46] . Recent studies have reported various effects of silver NPs, including detrimental effects on brain functions [15, 22] . In our study, groups exposed to low (5 µg/ml) and high doses (10 µg/ml) of Ag I and Ag II Ag-NP showed a significant impairment of their short-term memory as well as their working memory. However, their locomotion and reference memory was not significantly affected and reference memory compared to control (PAmHUinjected) rats. We found no differences in the number of working and reference memory errors between both groups of rats exposed to different sized nanoparticles (Ag I and Ag II).
The slower response times of rats exposed to Ag-NP-(Ag I and Ag II) in consuming all five food items in the radial arm-maze test could result from a cognitive impairment. Choice accuracy was the most important effect of Ag-NP exposure, which appeared to result from decreased motivation in responding to food stimuli. All Ag-NP exposed-rats slowly remember the test, and their decrease in accuracy reflects the greater mnemonic demands of an effective increase in the retention trial.
While the body weight (BW) of rats that were treated with Ag-NP (Ag I and Ag II) did not change significantly, their brain to body weight ratio decreased significantly compared to the control rats. We also observed significant pathological changes in the brains of Ag-NP-(Ag I and Ag II) exposed groups. Therefore, we conclude that Ag-NP treatment might cause brain damage. Recently, reports have indicated that the nanosized components of particulate matter can reach the brain and may be associated with neurodegenerative disease [47, 48] .
Ag-NP have been found to increase oxidative stress [24, 25, 49] . The results reported here show a significant decrease in SOD and GPX activities and a significant increase in MDA levels in the temporal cortexes of all Ag-NP-(Ag I and Ag II) exposed groups. These findings support the hypothesis that neuronal cells from the temporal cortexes of all Ag-NP-exposed rats undergo oxidative stress, which could ultimately lead to the observed neurotoxicity.
Furthermore, the present study indicates that spatial memory deficits in all Ag-NP-(Ag I and Ag II) exposed groups in the Y-maze test were significantly correlated with an increase in oxidative stress in the temporal cortex. Moreover, we found a significant positive correlation between spontaneous alternation and SOD, spontaneous alternation and GPX and spontaneous alternation and MDA. These results suggest that the observed decrease of spontaneous alternation in the Y-maze test could result from Ag-NP induced oxidative stress.
Altogether, these results suggest that Ag-NP (Ag I and Ag II) are capable of inducing oxidative stress, which is responsible for neurotoxicity in rats and the impairment of spatial memory processes. In addition, spontaneous alternation in the Y-maze test was significantly correlated with oxidative stress in the temporal cortex, the cortical area most vulnerable to the effects of oxidative stre
